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PREFACE , | .

Hydraulic model studies for developing suitable deflectors for the 'Zi
spillways of»the‘follouing'dahé were requested by the respective U.S. ,:
Army:Engineer Districts, Portland (NPP) and Walla Walla (NPW) and .;i
authorized by the Division Engineer, U.S. "A:'my Engineer Division, North j:;:
Pacific (NPD) on dates indicated: L ;i
!;

Dam River District: Authorization Date ii
Bonneville o Qolunbia Portland . Not Available 5:
John Day Columbia =~ Pertland Not Available i__
McNary Columbia Walla Walla 20 Mar 1972 ,
Ice Harber Snake dalla Walla 18 Oct 1972 ig
Lower Monumental Snake Walla Walla 27 Jan 1959 ;i
Little Goose Snake Valla Walla 30 Jul 1974 -

. &

All model studxen vere conducted at the NPD Hydraulxc Laboratory

during the period ‘August 1971 to August 1976. Similar studies for the
Lover. Granite pro;ect on the Snake River are publxshed in Technical
Report 121 1, Lower Granite Dam, Snnke River, Hanhxngton, Hydraulic'

B WIS

Model Invest1gatxon dated Augult 1984.

Personnel involved in the tests vere Messrs. B. B, Bradfield,

R. L. Johnson, A. G. Nissila, D. E. Pox, and R. W. Parker under the S
supervision of Messrs. P. E. Smith, R. L. Johnson, and A. J. Chanda T
(Chief, Hydraulics Branch). Director of the Laboratory was Mr. H. P. ;if
‘ Tﬁeus. Drafcbreportl for individusl dams were prepared by Messrs. ' ;ii
L. Z. Perkins and R. L. Johméu. ' This comprehensive -odei report- of ’
all six dems vas prepared by Mr. n. M. Kubo, Seattle District ';;k

)
.,

Hydraulics Section.

fo "

During the course of the studies rcyreoéntativec from NPD, NPP, NPV,

”

Nationsl Marine Pisheries Service, Oregon Pish and Wildlife
Departaent, Ualhington Department of Fish and Came, Idsho FPish and

atelelat ]
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Game Department, and Idaho Cooperative Fisheries Unit wisited the

Laboratory to observe flow conditions in the models, to disruss test

results; and to correlate those results with design work that was‘in .

progress. Messrs. C, O. Junge and B. E. Carnegie of the Otegon'?ish

and Wildlife Depaitment assisted in the development. of spillway opera-

tion schedules that provided the best possible conditions for £ish
passage both before and after deflectors were installed st the

prototype projects.
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CONVERSION FACTORS, U.S. CUSTJUMARY TO METRIC (SI)-
UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be con-

verted to metric (SI) units as foliows:

g

Multiply . ' By To Obtain
feet - 0.3048 metres
miles o '1,609344
feet per second 0. 3048
cubic feet per second ,0.0283'17 cubic metres per second
pounds (mass) 0.4535924 kilograms
kilowatt-hours 3,600,000 joules

kilometres

metres per second
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SPILLWAY DEFLECTORS AT
BONNEVILLE, JOHN DAY AND MCNARY DAMS o
COLUMBIA RIVER, OREGON/WASHINGTON
AND
ICE HARBOR, LOWER MONUMENTAL AND LITTLE GOOSE DAMS
‘ ON SNAKE RIVER, WASHINGTON

Hydraclic Model Investigations

PART I: INTRODUCTION

Physical Locations

1. Boaneville, John Dﬁy, and McNary Dams are located on the
Colunibia River at River Miles (RM) 146.1, 215.6, and 292.0, respec-
tively, measured from the mouth of the river where it meets tne Pazific
Ocean.* The 'limaginary center of the river is the boundary for the
States of Oregon and Washington. Ice Harﬁot, Lower ﬁonumestal, and
Little Goose Dams are located. in the southeastern corner of the State
of Wasl.ington and on the Snake River at RM 9.7, 4l1.6, and 70.3, respec~
tively, measured from the mouth at the confluence with the Columbia '
River. Figure'l is a location map,foi all six dams. The salient fea-

tures of each dam are discussed individually in subsequent paragraphs.

2. Highly aerated and turbulent flows over the Qpillwnys and
plunging into the deep stilling basins of the lower Snmake and Columbia’
River Dams increase the nitrogen saturation of the rivers to a super-

saturated stute considered hazardous to the migriting fish. Feasible

" methods of :gducing spillvay flows and accompanying nitrogen supersat-

uration included use of upstream storage to contrgl;spring freshets,
installation of additionmal poweéhouse units, diversion through skeleton
bays of the powerhouse units, andust;ucturally-modifyiné the spillway
by coastruction of spillway deflectors .to prevent normal spillﬁay flows

* A table of factors for convertlng U.S. customary unxcs to neCrxc (31
units of measurement is shown on page vi.
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from plunging deep intc the stilling basin. Although all of these
methods would help to reduce supersaturation, spillway deflectors vere
considered to be the most expeditious and efficient method to allevi-

ate the problem.

Need for Model Studias

3. The unknown effects of spillwiy deflectors on flow condit.ous
in stilling basins, at existing fishway entrances, and in the channrl
downstream from the spillway made the hydraulic model studies neces-
sary. Each project has individual characteristics; i.e., bank and
channel configuration, location of fishway entrances, and :tiiling-
basin or roller-bucket design which necessitated individual model
strdies to determine the location and geometry of deflectors and the
spillway operation required to providé optimus fish-passage condi-
tions. Prototype development of the deflectors would be extremely

costly and time consuming.
The Models

4. Due to the differences in size and channel ctp;city of each
project, 8 variety of scale models was used to achieve the best
results. Both sectional spillvay and co-yrchcnuivi--odclo vere used
to develop the deflector designs for all projects except John Day
vhere only a sectional model was used. Larger-scale models vere used
ci the sectional lpillvay models and -nllgr scales wvers used in the '
comprehensive -odcll. The main purposes for the co-ptohcuoivn models
were to deter-xne thc effects of the recommended deflectors on flow
conditions bo:h.xn.and downstream from the stilling basins and to

' establish spillvay opctitionvochedulen for op:i-ui passage of fish.
Uherc cpproprtnte. acrylic plastxc vas used to simulate all spillwvay
crests, gates, piers, dcflec:ott, and roller buckets. ALl anproach
channels, tailwater channels, stilling basine, etc., were made of
’vnterproofed vood'nnd'plyvbﬁd.' The cgit'ehanhlf: for couprehensive
models were -adc of molded concrete and- contocrod :a lotch the latest
-vaxlnbla topogrnphy for each project.

o )




S. Standard laboratory instruments and procedures were used to
measure discharges, pressures in the sectional model, water surface

elevations, velocities, and other related measurements. Still or

. timed-exposure photographs were obtained during the tests.

Scale Relationships

6. Except for the simulation of air entrsimment in spillway
flovs, hydraulic similitude vas based on the Froudian relationships of
dimensions and hydraulic quantities between the models and the proto-
types. The performances of spillway deflectors in hydraulic models
cannot be used to determine reductions of prototype nitrogen supersat-

uration because ‘air entraimment and the effects of pressures on dis-

‘solved gases are not dupliénted in Proude-law scaled models. Prototype

tests mu-t be conducted to determine the total cffeq: in reduction of

supersaturation.
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'PART II: BONNEVILIE DAM TESTS AND RESULTS

The Prototype

7. The salient features of Bonneville Dam (plate 1) include an

18-bay (each 50-feet-wide) spillway, a 10~unit poverhouse on the left

bank, an 8-unit powerhouse on the right barck, two fish ladders, and a

single-lift navigation lock. The spillway is contfolled'by split-leaf,
vertical-lift gates and designed to pass 1, 600 000 cfs at maximum pool.

" 'The end bays are separated from the remaining portion of the structure

by training walls to improve flow cdndxttons adjacent to the project
fish-passage facilities. The stilling basin is 81 feet long and
includes two rows of 6-foot-high baffles. The basin floor is at ele-
vatioy ~16 feet.* ' ‘ A

The Mod=1ls

8. The 1:25-scale model simulating one bay of the exxatxng spill-

_ way and the stilling basin is shown on photograph 1. A oeparate com-

preheusxve model (primarily constructed for the Bonueville second
poverhouse study vhxch ultimately wvas constructed in 1982) at a scale
of 1:100 was used to evaluate the ovenll performance of the deflec-
tors (photograph 2).

Tests

9. Test dqt. consisted of flow profiles xn&ic;txng zones. of aera-
tion and flow dxrecttonl, pho:ogrlphn, and pressures on the dcflcctor-
and baffle piers which vere . tested on the 1:25-scale model. Thc river
flow used in most of the otudy vas the combined diochar;&o of the
spillvay, the 10-unit pwcrhoulgl (140,000 cfs), and the fishways.

bod Alljclevacioni in this report are id fec:_lGYD.
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Combined discharges of 220,000, 300,000, and 400,000 cfs were selected
for the initial tests which simulated discharges of 4,700, 9,750, and
16,000 cfs per bay, respectively, with 16 of 18 spillway bays in oper-
ation. With the existing spillway, flow with all three discharges
followed the concrete outline of the ogee and plungedbto the bottom of
‘the itilliug basin. Profile views indicating zones of aeration and
flow directions vitﬁ these discharges are shown in photograph 3 and on

plate 2.

10. 1Initially, a 6-foot-loag deflector connected to the ogee
upstream by a 6-foot-radihllfillet was studied at elevation 12 (phéio-
griph 4 and.on plate 3). Observations of zones of aeration and flow
directions for the three test flows are shown im photograph 5 and on
plate 4. Standing vaves developed on the water surface, with the
largest one located between the deflector and first row of baffles.
Lowering the tailwater elevation (to decrease the submergence of the
deflector) reduced the waves and therefore indicated the deflsctor was

too low.

‘ 11. Various combinations of deflector lengths and elevations
were inveitigated in tne sectional model to.detet-iuc-:he optimum
'deoign.‘ These tests indicated that the 12-foot-long deflector was the
~most effective and that it should be located higher than elevation 12
‘ dué to the standing waves that oécurref'vith‘the.defleéto: at that
elevation (ﬁﬁotograph 6).‘,Teotn}6f the 1:100~scale model with the

deflector set at elevation 12 also indicated that the deflector -hould-

be located above elevatibn|12”;o prevent formation of strong eddies -
adjacent to both fishway entrances.

12. Based on the preceding tests, elevation 17 was selected for

further tests with the 6- and 12-foot-long deflectors. Details of the
12-foot ﬁefTéétof and piezq-ctci locations are shown on plate 5. Flow
conditions for the two deflectors with 220,000, 300,000,  and &OG,OOO
cfs are shown in photographs 7 and 8. Since there was less air '

‘entrainment and smaller standing waves with the 12-foot deflector,

6
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most of the subsequent studies were conducted with this design.
Pressures on the deflector were positive with spillway flows of
1,152,000 and 1,200,000 cfs (table A) and with all other discharges
tested, Pressures measured on the stilling basin baffles at the
locations shown on plate 6 approximated the depth of water above the
piezometers. While determining the minimum tailvater required for.
skihming flow with the 12-foot deflectors in the secfional model,

similar tests were conducted with 16 bays ot the spillway in the

1:100-scale camprehensive model (also used for the Bonneville second

powerhouse study). Minimum tailwater to maintain skimming flow in
both models is shown on plate 7. For flows below 17,000 cfs per bay,
the 16-bay operation required a higher tailwater than exists at the
prototype; Without the interaction of adjacent bays, the single-bay
model indicated a lower tailwater limit for plunging flow. - At a dis-
charge of 300,000 cfs with 10 bays operating, surging, plunging flow
occurred in the stilling basin of'tﬁe single-bay model (photograph 9).

With a river discharge of 1,610,000 cfs (89,000 cfs per bay), the flow

both skimmed and plunged with normal tailwater elevation 70.8 (photo-
graph 10). Skimming flow persisted whea the tailwater rose from a

lower skimming condition while the discharge was increasing.

13. Since lowering the deflector also lowered the required tail-

vater for skimming flow, the 12-ioot deflector was subsequently tested
at elevation 14. PFlow conditions with the deflector.at elevation 14

vere acceptable with river discharges of 220,000 to 510,000 cfs {pho-

tograph 11 and plates 8 and 9). Althoﬁgh the standing wave height
just downstress of. the deflector wvas greater than that'vhich'oécntrod
with the dcfl?ctor at elevaéiou'l7, there wvas little increase in the
entrained air at the lower d?pths of the bdasin. Prellurei on the

deflector and baffle piers were positive.

. 14, With the deflectors installed at clevatiou lkl(photogrnpho

12 and 13), the tailwater'requircd to produce skimming flow was deter-
- mined for both 16- and 10-bay operation (plates 10 and 11). With the

16-bay, opé?;tion; normal tailwater produced stable, skil-in;.flcv for.
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et

discharges as low as 11,500 cfs per bay (river discharge was 325,000
cfs). This was an improvement over the deflector at elevation 17 which
devéloped unstable flow with discharges less than 18,000 cfs per bay.
Photogrﬁph 14 showsvfiou conditions in the stilling basin for 10-bay
spillway opetatiom'vith'g discharge of 181,000 cfs and riormal tailwater
while photograph 15 illustrates flow conditions with a discharge of
221,000 cfs and the minimum tailwater‘tequired for skimming flaow.

Tests indicated that the 12-foot deflector at elevation 14 provided

the best overall results with regard to flow stabiiity,.enttainéd air,

and pressures on baffle piers.
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Bonneville Dam.’

Dry bed of 1: 25-scale model showing existing
spxllway.
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River dlscharge 220 000 cfs (4,700 cfs per bav).
Skimming flow,,tallwater elevatxon 20.1.

River discharge 300,020 cfs (9,750 cfs per bay).
Skimming flow, tailwater elevation 25.4.

River discharge 400,000 cfs (16,000 cfs per bay).
Skimming flow, tailwater elevation 31.2.

Photogréph 5. '6—foqt deflector at elevation 12 with normal.

tailwater. .Pool elevation 74.0, powerhouse
dlscharge 140,000 cfs. :
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River discharge 220,000 cfs (4,700 cfs per bay).
Skimming flow, tailwater elevation 20.1.

River dischargé 300,000 cfs (9,750 cfs per bay).
Skimming flow, tailwater elevation 25.4.

River discharge 400,000 cfs (16,000 cfs per bay).
- Skimming flow, tailwater elevation 31.2.

Bonneville Dam

Photograph 6. 12-foot deflector at elevation 12 with normal

tailwater., Pool elevation 74.0, powerhouse
discharge 140,000 cfs. '




g |  River discharge 22{,000 cfs (4,700 cfs per bay).
Skimming flow, tailwater elevation 20.1.

River discharge 300,000 cfs (9,750 cfs per béy).
Skimming flow, tailwater elevation 25.4.

» (O ' ',~ River dxscharqe 400,000 cfs (16,000 cfs per bay).
: . Skimming !low, taxlwator elevatxon 31.2.

K - Photograph 7. 6- foot deflecto: at elevatica 17 with normal

‘tailwater. Pool elevatjon 74.0, powethouse
dxscharge 140 000 c¢fs ‘
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River discharge 220,000 cfs (4,700 cfs per bay).
Skimming flow, tailwater elevation 20.1.

River discharge 300,000 cfs (9,750 cfs per bay).
Skimming flow, tailwater elevation 25.4.

River discharge 400,000 cfs (16,000 cfs per'bayf.
Skimming flow, tailwater elevation 31.2. ,

Photograph 8.

discharge 140,000 cfs.

. Bonneville Dam
12-foot déflector at elevation 17 with ho:mal
tajlwater, Pool elevation 74.0, powerhouse
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River discharge 220,000 cfs (4,700 cfs per bay). — )

Skimming flow, tailwater elevation 20.1. ]

'

LMERE. ks e A s,

‘River dxscharge 300,000 cfs (9,750 cfs per bay).
. 5k1mm1ng flow, taxlwater elevation 25.4. :

s B LY AERETYTTY 2 P sEERge 0.0 0 v s comBp v -,

River discharge 400,000 cfs (16,000 cfs per bay). .
Skimming flow, tailwater elevation 31.2. A o

[L 4 W

Photograph 11. 12-foot deflector at elevation 14‘with ,
' normal tailwater. Pool elevation 74.0, .
powerhouse ‘discharge 140,000 cfs. .
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Photcgraph 12.
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Bonneville Dam

Flcw' conditions with deflectors at elevation 14.
l6-bay spillway operation, 6,000 cfs per bay.
Normal tailwater elevation 21 3. - River discharge
237,000 cfs. o
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Photograph 13. 1l6-bay spillway operation, 35,000 cfs per bay.

o Minimum tailwater required for skimming flow
elevation 41.7. River discharge 701,000 cfs.
Deflectors at elevation 14,
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Photograph 14.
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10-bay spillway operation. -Bays 5-14 passing
40,000 cfs. Normal tailwater elevation 17.5
at gage T-1, river discharge 181,000 cfs,
Deflectors at elevation 14,




Photogréph 15,

10-ay spillway operation. Bays 2, 3, 5, 7, .
9, 10, 12, 14, 16, 17 passing 80,000 cfs. ’ o
Minimum tailwater elevation 23.3 required for R
skimming flow, river discharge 221, 000 cfs. D
Deflectors at elevation 14. '
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PART III: JOHN DAY DAM TESTS AND RESULTS

The Protof.ype

15. The salient features of John Day Dam (plate 12) include a
20-bay spillway, a 20-unit powerhouse, a single-lift navigation lock,
a 24-foot-wide fish ladder on each bank of the river, concrete non-
overflow sections, and flanking embankments. The spillway is control-
led by tainter gates and is designed to pasé 2,250,000 cfs. Spillway
energy is dissipated in a 185-foot-long stilling basin having a ‘
13-foot-high sloping end sill. A section through the_spillway and

stilling'basin is shown on plate 13.
The Model

16. The 1:4l.14-scale modei consisted of a three-bay section of

the 20-bay spillway and stilling basin. The model initially was a

reproduction of the spillway, stilling basin, upstream topography at
elevation 135, and downstream topography at eleyation 145. Subsequent
to the initial tests, a resurvey of the tépogtaphy immediately down-
strean from the stilling basin indicatea the channel bed was lower than
that reproduced in the model and that elevation 115 would be more rep~
resentative of the average‘bottom elevation. Photograph 16 and plates
13 and 14 ghowlﬁhe model with both downstream channel elevationms.

Tests

17, Initial tests were conducted with downstream channel topo-

graphy at elevation 145 to observe £low conditions aﬁﬂ air entrainment

under existing conditions with varying operating conditions (photo~
graphs 17 and 18, and plate 15)., With all flows, the nappe, heavily
entrained with air, was carried to the bottom of the atilling basin

..and-feaulted in mixing throughout the full depth of -the basin.
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18. After comparlng the flow performance of different length
deflectors (plate 16), the 12.5- -foot-long deflector was recommended
and chosen for the optimum design. A factor in sels-ting the optimum
iécacion of thévlz.Sffoot—long deflectors was flow stability in the
siilliﬁg basin. Plate 17 shows discharge and tailwater relationships

'fbr‘both stable and unstable flow conditions occurring with the four

" lip elevations tested. With the deflectors at elevation 149, stable
skimming flow occurred with discharges up to approximately 16,000 cfs
per bay Vlth 5 powethouse units i operation (minimum nxghttlme load).
. Tailwater limits are shown. for powerhouse operacxan varying between 5
. and 16 units with The Dalles pool at elevation 160. Plate 17 also
.shovs discharge and tailwater relationships for the skimming nappe.
uplifted by excessive depth‘on the deflector lip. The uplift resulted
in a diving flow downstream and tgnded'to increase the depth of air

penetration in the basin. Uplift was less of a problem at lower dis-

charges and tailwater depths. Although spillway discharges for 16-unit

powerhouse operation (maximum daytime load) fell within the excessive
uplift area, the deterioration from good skimhing fiow conditions was
borderline but not considered serious. This condition would improve
with The Dalles pool at less than elevation 160. Tests were conducted
to determine an elevation of the deflector iip which would provide the
best performance in the stilling basin for discharges oquivélent to
the 10-year-frequency flood. Several combinations of deflector eleva-
tions and discharges were uséd. Only minor changes occurred in degree,
concentrat1on, and depth of air penetration by varying the deflec;or
elevations. Regardless of location, the area susceptxble to the draw-
down effect of'aerated'flow'wés in the vicinity of the stilling basin
end sill'whg;e velocities in the deep return flow éefe generally high
ehoﬁgh to'puil surface aeration downward., With the downstream tope-
graphy set at elevatioa 145, the cpcimum deflector eleva:xon was 149
“since :he least smount of air was entrained with the lower discharges
and the best energy dissipation occurred within the stilling basin
with higher discharges (photographs 19 through 25 and plates 18 and

- 19). . Energy dxsexpatton (photographs 24 and 25) was satisfactory with

" the standatd project flood (33,900 cfs per bay) and the maximum desxga '
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discharge (112,500 cfs per bay). Deflector léngths gf 10 and 15 feet

at elevation 149 were tected to observe the flow conditions in the

stilling basin. This scheme was discontinued, however, since flow

conditions were either less 2ffective or showad no improvement over

the 12.5-foot deflector.:

19. Similar tests were '‘conducted w{th the downstream channel
i;il elevation at 115. ‘Air entraimment and flow directions in the stilling
. ’ basin with defledtors at elevation 149 for discharges of 3,000, 7,200,
12,000, and 19,300 cfs per baf'are shown on plate 20. Comparisons of
B depth and quantity of air penetratior in the basin with downstream
“‘;_( ' channel topography at elevations 115 and 145 are shown in photographs
' 26 through 29, The tests conducted indicated that elevation of down-
. strezm topography had little or no effect on depth of air entraihment.
vithin the stilling basin. The quantity of air entrainment for higher

' discharges was less with the lower downstream topography elevation,

20.  The dischqtge/:ailvater relationship for stable and unstable
flow conditions occurring with deflectors at elevation 149 and down-
‘ stream topography at elevoiion 115 are shown on plateIZI. 'Diachargés
"'5 ranging from 3,000 to 19,300 cfs per b;y were observed. Tailwater
‘ limits are shown for poverhouse operation varying between 5 and 16
units with The Dalles reservoir at elevation 160. Stable skimming
flow pccutfed to approximately 16,000 cfs per bay with five powerhouse

units in operation (zinimum nighttine load).

.

ﬁt ‘-- T - .21, The perforua;ce of the l2.5-foo§ d;flectorl at elevation 149
! A was satisfactory with downsCre-'citannel topography at elevation 115.
. Deflectors installed at elevation 149 provided the best overall per-
‘ formance with regard to flow stability, éuantity and depth of air pen-
etration in the ltiliing baniﬁ, and energy dissipation with hi gher

v B discharges.




- Downstream topography at eievattqn 145.

Photograph 16.
- at elevation 149,

Dry bed of spillway with 12 5-foot deflectors
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Jobn. Day Dam

Photograph 17. Flow conditions with existing spillway and

: , . stilling basin (no deflectors). River
discharge 250,000 cfs. Pool elevation 265;
tailwater elevation 163.0. _ R
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" Photograph 18.

, Floé conditions with existing spillway and

stilling basin (no deflectors). Spillway

~discharge 112,500 cfs per bay. River

discharge 2,250,000 cfs. Pool elevation
277.9; tailwater elevation 201.0. -No
powerhouse units in operation. ‘




L K fhotogfaph i9; Flow conditiohs with 12.5-foot deflectors

-at elevation 149. 'Spillway discharge
K : 3,000 cfs per bay. River discharge
L 250,000 cfs. Pool elevation 265; tailwater
: elevation 163.0. 9 powerhouse units in '
operation, o .
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Photograph 20.

Flow conditions with 12.5-foot deflectors
at elevation 149, Spillway discharge

. 7,200 cfs per bay. River discha.ge

250,000 cfs. Pool elevation 265; tailwater
elevation 163.0. 5 powerhpuse’units in

operation.
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- Photograph 21.

- elevation 165.3. - 5 powerhouse units in

Flow conditions with 12.5-foot deflectors

at elevation 149. Spillway discharge
12,000 cfs per bay. River discharge,
350,000 cfs. Pool elevation 265; tailwater

operation,
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Photograph 22. Flow conditions with 12.5~-foot deflectors
-~ - . at elevation 149. Spillway discharge
16,500 cfs per bay. .River discharge
440,000 cfs. Pool elevation 265; tailwater '
elevation 167.4. 5 powerhouse units in '
operation, - T : '
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Flow conditions with 12.5-fost deflectors
at elevation 149. Spillway discharge
19,300 cfs per bay. River discharge
500,000 cfs., Pool elevation 265; tailwater

. elevation 168.8. 5 powerhouse units in

operation,
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Flow conditions with 12.5-foot deflectors
at elevation 149. Spillway discharge
33,900 cfs per bay. River discharge
800,000 cfs. Pool elevation 265; tailwater
elevation 176.7. 5 powerhouse units in
operation. ‘
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Photograph 26. Flow conditions with 12.5-foot deflectors
: at elevation 149. Spillway discharge
3,000 cfs per bay. River discharge
250,000 cfs. Pool elevation 265; _
tailwater elevation 163.0. 9 powerhouse
units in operation,
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Downstream topography at elevation 145.

Photograph 27.

. L
Flow conditions with 12.5-foot deflectors

at elevation 149, Spillway discharge
7,200 cfs per bay. River discharge

'250 000 cfs. Pool elevation 265;

tailwater elevation 163.0. 5 powerhouse
units in operation. ,
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Photograph 28. Flow conditions with 12.5-foot deflectors

at elevation 149. Spillway discharge
12,000 cfs per bay. River discharge

350,000 cfs. Pool elevation 265; - '
tailwater elevation 165.3. 5 powerhouse
units in operation. -
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g .Photograph 29. Flow conditions with 12.5-foot deflectors
: ' - at elevation 149, Spillway discharge
19,300 cfs per bay. River discharge
500,000 cfs. Pool elevation 265;
, tailwater elevation 168.8. 5 powerhouse
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PART IV

McNARY DAM
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- PART IV: MCNARY DAM TESTS AND RESULTS
The Prototype

22. The salient features of McNary Dam (plate 22) include a
22-bay spillway, a l4-unit powérhouse, a single-lift navigationilock,
a fish 1adder'on.each side of tu» river, and flanking embankments.

The spiliway is designed to pass 2.200,000.cfs at pnol elevatian 356.5
and 1,432,000 cfs at normal pool elevation 340.0. Spillway discharge
is controlled by split-ieaf vertical-lift gates. Spillway energy is
diséipa;ed in a 270-foot-long stilling basin having a floor elevation
of 228 with two rows of lO.i-foot—highlbaffle piers and a 10.5-foot-
high veftical end sill. Two bays at each end of the spiliway are sep-
arated from the rest of the structure by training walls and are used
to provide additional attraction flou or to improve é&urrent pattérns

and velocities at the adjacent fishway entrances.

The Models
©23. A l1:40-scale three-bay se;tional model of.thé spillway,
stiiling basin, and a portion of the dovnstre;n channel (photpgragh 3
and plate 23) was used to establish the deflector geometry. The spill-
way érést and toe curve were constructed of sheet metal that was
attached to plywood ribs. The upstream faces and ends of the gates

and the test deflectors were made of ccrylié plastic; other elements

- of the model were constructed of vaterproofed wood and plywood. Pool

elevation 340.0 was maintained by the spillway gates (except during
free flow with the ptoject design discharge of 2,200;000'cfs at pool
olcva:fon 356.5).. Taiiwatep eleva;ions.(plate 24) were bontfolled by
2 ‘vaned tailgate‘and measured on the centerline of the model !,000

fect downstream. from the crest axis.
" 24, The 1:50-scale comprehentive~nodel'(photogrnph 31l and plate
25) was used to determine .the effects of the recommended deflector on

flow conditions and to establish spillway operation schedules for
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optimum passage of fish. The comprehensive model was a reproduction
of a portion of the forebay, the spillway and adjacent Eishway entran-

ces, powerhouse units 9 through 14, and about 1,600 feet of downstream

" channel. The model structures were made of plastic, waterproofed.

wood, and plywood, and the exit channel was contoured in cement to

conform with a 13974 hydrographic survey at the project. Pool eleva-
tion 340.0 was controlled by the spillway gates, ﬁnd tailwater eleva-
tions were set at a gage approximately 2,060 feet downstream from the

crest axis.
Tests

25. Tests were accomplished to evaluate flow stability in the

stilling basin and air penetration and flow directions in and down-

 strcam of the stilling basin both without and with spillway deflectors.

Pressures cn the deflectors were measured with two different methods
of gate operation--flow under the gates and flow between che upper and
lower sections of the gates. Spillway discharges of 13,500 cfs or
less per bay were of primary interest as they are the prevalent flows |
during upstream migrations of fish at the project. bischarges used in

the study were as follows:

Spillway Flow Number of v_. Number of " River Discharge -
in cfs per Ray Operating Bays Powerhouse Units in cfs
3,000 20 . 1w 290,000
5,000 0 TR 350,000
10,500 20 o 14 . 440,000
13.500 ' 20 14 ' 500,000
28,500 20 S TR . 800,000
too,000 .2 . . 0 2,200,000

Tests were conducted with two taxlvater conditions to- sxuulate John Day'

Dam pool elevations 257 and 265; however, no da:n was recorded in the

1:50-scale comprehensive model with John Day pool elevation 257.




Existing Conditions (Without Deflector)

26. Flos conditions of varied spillway discharges with flow under
the gates and between the top and bottom gate leafs are shown in photo-
araphs 32 *hrough 36 and on plates 26 through 32. With all discharges
and spiilway gate conditionms, aerated water plungéd to the stilling
b1sin floor.and created conditions conducive .or maximum nitrogen
suparsaturation of the flow leaving the basin. With all flow condi-
tidas tested, mére spill was required through the end bays than
tﬂrough the center bays to create dounst;eim flow adjacent to the fish-
wiy enl ‘nces {platés 33 through 35). As a result an eddy or very
slow-cur :nt existed.downstream from the center bays. 'Flou near the
“4ashington-shore [ish ladder éntrance was downstream with a small eddy
1long the ladder wall 150 to 200 feet downstream from the entrance.
Maximum upstream velocities in the eddy increased ftén 1 to'2 fps at
300,000 cfs' to 5 fps at 500,000 cfs. A good path of attraction flow
toward the entrance existed along the right bank for all discharges.

?lou from the spillway/powerhouse fishway entrance was affected by

powerhouse discharge that moved diagonally across the end of the trash
sluice and carried the attraction flow downstream in that area. An
eddy exi;téd along the north side of the trash sluice but did not
interfere uithlfishway attraction flow since a flow path to the
entrance existed with ail river diséharges. Fishway attraction flows

were satisfactory with all tailwater conditions tested.

‘Deflector
27. Deflector designs (plate 36) varying in Ienééh-fron'lz;i to
20.0 fret and located on the spillway crest betﬁe;n elevations 254 and
. 264 were tested wiéh.dischafxeo up to 100,000 cfs per bay{ Conditions
with the deflector lip s‘oﬁed upward at 10 degrees were not accept-
able--excessive uplif: of the nappe occurred causing aerated water to

plunge to the sti .ing basin floor just upstream from the baffle piers.

14
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28. The discharge-tailwater relationships for which stable and

unstable flow, occurred in the model for various deflactor lengths and

‘locations are shown on plate 37. With flow under the gate, the

12.5-foot deflector located at elevation 256 had the greatest range‘of

skinming flow and the smallest zone of surging between skimming and

plunging flow. Varying the deflector elevation made oaly minor changes

in the concentration and depth of air penetration in the stilling
basin. The highest and lowest elevations caused either plunging flow
or surface undulations. With dfscharge between the two gate leaves, a
20-foot-long deflector would be required because the 12.5-foot-long .
deflector was too short to intercept the nappe.. Hqéevet, due primar-
ily to cost considerations, the decision was made to construct the
smaller 12.5-foot-long deflectors and adopt a spillway operation with

all flow to be passed under the gate.

29. Pressures on the 12.5-foot deflector were measured at the

'piezameters shown on plate 38. There were no negative pressures

observed for the range of diséhnrges tested (table B). The highest
pressures occurred on the ﬁpstregm portion of the horizontal lip (pie-
zometers 1 through 4) for discharges to 28,500 cfs per bay. A pres-
sure of 78 feet of Qater existed at piezometer D~5 during the project

dasign discharge of 100,600 cfs per bay.

30. Flow conditions with the fZ.S-foot deflector are shown in

photographs 37 through 41 an: on plates -39 and 40. With deflectors

'loqated on.the two end bays on both-'sides of the spillway, excessive

turbulence existed at the fishway entrances. The turbﬁlence could
only be climinated by increasing discharge through the end bays until

blunging.flov occurred. Since the plunging flow condition would not

reduce the nitrogen supersaturation problem, deflectors were included

061y on bays 3 through 20.

3. The skimming flow off the deflector required different spill
patterns than those vwhich were effective without the deflector. . Two

different methods of spillway oﬁeration--flow between gate sections in

15




the end bsys and flow under all other gates—-were tested with river
discharges of 350,000 to 500,000 cfs. The first method produced gen-
erall§ uniform flow patterns in the tailrace and acceptable conditions
at the‘fishway entrances {plates 41 through 46). The second method
(plates 47 through 49), developed in cooﬁeration with the Oregon Fish
and Wildlife Commission, minimized wave action and cross currents near
the respective fishway entrances without reducing atiraction-flow vel-
ocities. However, with this'method of operation, a shorter flow path
with lower velocities existed downstream from the Washington-shore
fishway entrance, ana upstream fiow along the fish ladder wall was

. present for all discharges except 350,600 cfs.

32. The skimming flow from bays 3 through 20 extended farther
downstream and was ﬁore stable when the John Day pool was at elevation
257 as compared to a'pool.elevaéion of 265. With discharges sf 300,000
to 350,000 cfs, the eddy extending to the end of the Washington fish
ladder was narrower with the lower John Day pool elevation. Although
powerhouse flow crossed the end of the trash sluiée more abruptly as
tailwater deéreased, there were no unsatisfactory conditions noticed

for the range of tailwater elevations tested in the model.
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Photograph 30.

Existing spillway and stilling basin in
1:40-scale secticnal model. . -
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Phbtograph 33,

'

Surface flow patterns without deflector;
river discharge 350,000 cfs; 14 powerhouse
units operating.
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Photograph 35. Surface flow patterns without deflector;
river discharge 500,000 cfs; 14 powerhouse
units ‘opetating. : ' :
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K Photograph' 38. Surface flow patterns with deflector: in
. spillway bays 3 to 20; river discharge
' - 350, 000 cfs; 14 powerhouse units operating._
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‘determine the effects of the recommendea deflector on flow conditions

‘and to es:ablish spillway operation schpdoles for optimum passage of . jff
fish. This model was a reproduction of a portion of the Eorebay, the ,t:
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PART V: TICE HARBOR DAM TESTS AND RESULTS

The Prototype

33. The salient features of Ice Harbor Dam include a 10-bay
spillway, a 6~unit powerhouse, a single-lift navigation lock, a fish
ladder on each side of the river, and flanking embankments (plate 50)
The spillway is controlled by 50-foot-wide by 53-fost-high tainter
gates and 1s designed to pass 850,000 cfs at pool elevatxon 446.4. At
each end of the spillway one bay is separated from the rest of the
structure by a training wall. Discharges in the end bays can be
adjusted to provide fish attraction flow or to édjusc flow patterns
and velocities at the adjacent fishway entrances. Spillway energy is
dissipated in a 168-foot- long stilling basin havxng one row of 8-foot-
high baffle piers and a 23-foot-high vertical end sill, A section

thtough the spillway is shown on plate 51.
" The Models

34. A 1:40-3cale sectional model reproducing a three~bay section

of the approacﬁ, spillway, stilling basin, and exit channel (photo-

graph 42) was used to develop the optimum design'of the spillway

AT o A TR SRR
’ SR

v,

deflector. The model crest, piers, gates, and toe curve were made of

’

acrylx* plastic; the stilling basin and the approach and exit areas

.
IR

N A o Tt
) L
e

were constructed of waterproofed wood and plywood.’ The pool elevat;on
was maintained by the.apillwoy gates. The tailwater elevations fur-
nished by NPW were controlled by a vaned ;azlgate and were set ‘at a
gage on the centerline of the nqael f,OOO feet dowostrean from the

crest axis, .

35. A 1:50-scale comprehensive'model (photograph 43) was used to

-




spillway, the powerhouse, adjacent fishway entrances, and about 1,600
feet of downstream channel. The mode. structures were made of plastic,
waterproofed wood, and plywood. The exit chanpél was contoured in
cement to conform with a 1975-1976 hydrographic survey at the project.
The pool elevation was controlled by the spillway gates; tailwater
‘elevations were set at a gage'apbroximatelf l,OOvaeet downstream from

the crest axis.
Tests

36. Spillway discharges_df prhmary concern in the sfudy wvere

6,500, 12,500, and 17,500 cfﬁ per bay which correspond to the 2-, 5-

and 10-year-frequency floods at the project. Performance of the

deflectors was also evaluated with discharges of 420,000 (standard
project'flood) and 850,000 cfs (85,000 cfs per bay, project desigr

discharge).

ExistingAngllqu

37. Flow conditions in the eiisting spillway ard stilling basin"

with discnarges of 6,500 to 85,000 cfs per bay (photograph 44 and

plate 52) were observed for comparison with conditions after the
deflectors were installed. With all flows tés;ed,'the nappe plunged
to the stilling basin floor ana_en;tained sir was distributed through-
out the basin. Supergatutation-qf.tailwater with atmospheric gases

would occur with these conditions.

Deflectors

38. Details of the deflectors and appurtenﬁdces‘that vere tested
are shown on plate 5$3.  Since previous model studies of deflectors for
spillways at other projects had indicated that the 12.5-foot length

was. adeqdate, this length was generally used in the Ice,HarSor study.'

A 20-foot deflector was tested only at the finally selected elevation

and was used during tests of slotted bulkheads (paragraph 44).
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39. The 12.5-foot deflector located at various elevations between . 5'
332 to 344 was tested with 8-, 9-, and 10-bay operation. Varying the
deflector elevation had little effect on the degree, coancentration, ,
and depth of air penetration in the stilling basin. 1In all deflector ‘ '}t
locations, the area susceptible to drawdown of aerated flow was in the
vicinity of the end sill and baffle piers where velocities in the'deep
recurn flow were high enough to pull the surface currents downward.
This tendency would be greater in the prototype than in the model due

to higher amounts of entrained air. -

40, Flow'stability in the stilling basin was a major factor in
selecting optimum location for the 12.5-foot deflector. Discharge
tailtwater relationships for which unstable flow conditions existed in

the stilling basin with eight-bay spillway operation during the 2-,

5-, and 10-year floods are shown on plates 54 and 55. With normal
tailwater elevations; surging did not occur in'thé stilling tasin for.
the 2-year flood (6,500 cfs per bay) with any of the six deflector
elevations that were tested. With deflector elevati~n 338 and above, ' .
surging occurred with the S5-year flood (12,500 cfs per bay). With all . .
‘deflector elevations tested, surging during rﬁe‘lo—yeAt flood (17,500 ‘ s
cfs per bay) became more severe as the deflector elevation decreased.
The greafest range of skimming flow for ihe three discharges tested
was obtained with the deflector at elevation 336. Higher'elevations \ : IREY

caused the nappe to plunge excessively upstream from the baffle piers

(tailwater depth.over deflector was insufficient). Lower elevations

resulted in uplift of the nappe and .undesirable surface undulation o

(‘. 7‘-
R
"

e
LR
» .

(too much tailwater depth over deflector).

P )
™ v ot
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41. Flow conditions and zones of aeration in the stilling basin

v

KT XA

P e )
O

wi;h the deflectors at the recommended elevation of 336 and discharges

of 6,560 thzough 17,500 cfs per ﬁay are shown on photograph 45 and

L

plate 56. Photograph 46 shows that energy dissipation in the stilling ;}fi
basin was satiQfactory with the deflectors at elevation 336 during -the fi;Q
' standard project flood 051420,000'cfs and the project design discharge O
of 850,000 cfs. - ‘ ’
l? ;}
&
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42. The 12.5-foot deflector at elevation 336 was tested with 9-
t and 10-bay operation and the surging (unétable) zones of operation
(plate 57) and depth and quantity of air penetration in the basin did
‘not significantly change from those with eight-bay operation. Flow
conditions with the deflector lergth increased to 20 feet and located .
at elevation 335 were similar to those opcurring with the 12.5-foot

deflector.

Other Designs

’ 43. Two arrangements of,&entates were tested with the 12.5-foo£
deflectors at elevation 336 (plate 53). The depth and -quantity of
aeration in the stilling basin for dentate Pian A (two rows) and Plan B
(three rows) are shown in photographs 47 and 48, respectively. Both
plans reduced aeration during the 2-year flood; 4“owever, little
improvement occurred duriné the 5-year flood and the dentates were not
beneficial at the 10-year discharge. Since the ability of dentates to
withstand cavitation damage and debris impact is questionable and their
effect on fish passing downstream over the spillway was unknown, they

{ were not recommended for use.

44. Slotted bulkheads designed to dissipate energy by jeé dif-
fusion were tested wi h the 20-foot deflectors (plate 53). The bulk-
heads, located in the stoplog slot upstream from the spillway gates,
were intended to pass up to 18,500 cfs per bay. Tests in the model
indicated that a discharge of f2,500 cfa.per_ba;'at a spillway gate
opening of 15 feet was the approximate minimum discharge for effective
use of the bulkheads. At lower flows, the gate controlledvfldw and
the water surface between the gate and bulkhead appfo;imated that in
the forebay. Considerable nappe fluctuation occurred at the gate lips’
and vibration of the model was evidené. ‘A deflector length of 20 feet '

_ was required to intercept the nappes from flows through the bulkheads
'with‘the'spillway'gates clear of the jets exiting from the bulkhead
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slots. The depth and quantity of aeration in the stilling basin were

not reduced by the slotted bulkheads; therefore, use of ‘slotted bulk-

heads in conjunction with deflectors was not considered to be practi-
cal. o
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River discharge 160,000 cfs, spillway‘fiow 6,500 cfs
-per bay, tailwater elevation 350.0, 8-bay operation.

River discharge 210,000 cfs, spillway flow 12,500 cfs
per bay, tailwater elevation 352.6, 8-bay operation.

'River discharge 250,000 cfs, spillway flow 17,500 cfs e
per bay, tailwater elevation 354.6, 8-bay operation. _? ‘
Ice Harbor Dam o . - o
Photograph 44. Flow conditions in existing stilling
basin (no deflectors). ' . L
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River discharge 420,000 cfs, spillway flow 39,000 ¢fs
per bay, tailwater elevation 363.0, 8-bay operation.
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Rivet discharge 850,000 cfs, spillway flow 85,000 cfs
per bay, tailwater elevation 373.8, 10-bay operation.

‘Ice Harbor Dam

Photograph 44. Continued.
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River ‘discharge 160,000 ¢fs, spillway flow 6,500 cfs
per bay, tailwater elevation 350.0, 8-bay operation.
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River discharge 21b,000'cfs, spillway flow 12,500 cfs
per bay, tailwater elevation 352.€, 8-bay operation.

River discharge 250,000 cfs, spillway flow 17,500 cfs’
per bay, tailwater elevation 354.6, 8-bay operation.

Photograbﬁ.45. Flow cohditions in stilling basin with
: 12.5-foot deflectors at elevation 336.0.
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River discharge 420,000 cfs, spillway flow 39,000 cfs
per bay, tailwater elevation 363.0, 8-bay operation.

River discharge 850,000 cfs, spillwéy flow 85,000 cfs
per bay, tailwater elevation 373.8, 10-Lay operation.

Ice Harbor Dam

Flow conditions in stilling basin with

]Photograph'46.‘
o , . 12.5-foot deflector at elevation 336.0.
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River discharge 160,000 cfs, spillway flow 6,500 cfs
per bay, tailwater elevation 350.0.
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River discharge 210,000 cfs, épillway flow 12,500 cfs
per bay, tailwater elevation 352.6.

River discharge 250,000 cfs, spillway flow 17,500 cfs
B '~ per bay, tailwater elevation 354.6. -

~ Ice Harbor Dam .
Photograph 47. 'Flow conditions in stilling basin with

12.5-foot deflectors at elevation 336.0,
plan A dentates, and 8-bay operation.
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River discharge 160,000 cfs, spillway flow 6,500 cfs
per bay, tailwater elevation 350.0.

.

. River discharge 210,000 cfs,-spillway'flow 12,500 cfs
per bay, tailwater ‘elevation 352.6. "

P Wt

" River diScbarée 250,000 cfs, spillway flow 17,500 cfs
per bay, tailwater elevation 354.6.

Ice Harbor Dam
Photograph 48. Flow conditions in stiiling basin with

'12.5-foot deflectors at elevation 336.0,
plan B dentates, and 8-bcav operation.
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PART VI
LOWER MONUMENTAL DAM
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tailgate.

PART VI: LOWER MONUMENTAL DAM TESTS AND RESULTS

The Prototype

45. The Lower Monumental project includes an eight-bay spillway,
a six-unit powerhouse, a single-lift navigation lock, and a fish lad- f'
der on each side of the river (plate 58). The spillway is designed to
pass 850,000 cfs at pool elevation 548 and is controlled by 50-foot-
wide by 61-foot?high tainter gates. The stilling basin is 195 feet
long and terminates in a sloping (1 vertical : I horizontalj, 13-foot -
high end sill. A section through the sﬁillway and basin is.shown'on'.

plate 59.

The Models

46. A 1:42.47-scale model (photogfaph 49 and plate 60) was used
to develop the deflector design. The model was a reproduciion of a
three-bay section of the spillway with approximately 1,000 féet of
upstream approach, the stilling basin, and 1,400 feet of the down-
stream channel at elevation 418, The spillway crest, piers, gates;
and bucket were constructed of acrylic plastic, while the stilling
basin and upstream and downstream channels were constructed of wood .
The pool elevation was controlled by the spillway gates, and the '

computed tailwater elevations (plate 61) were controlled by a vaned )

.47, A 1:50-scaievcomprehen§ive model (photograph 50 and ﬁlate
62) was used to dEtefmine’éhe nhmbér of deflectors to be installed and
to,estaﬁlish operating proceduréh uﬁich vbuld'pfovide opt{mum fi;h~
passage conditions at aajacent fishway entrances. The model included
the spillway, both fishway entrances, fish ladder, powerhouse, naviga~
tion lock wall, bank lines, and 1,600 feet of downstream topography.
The majority of the model was constructed of walerproofed wood. The

ﬁpillway gafes, fishway systems, snd'deflectors-yere,cons;gucted of :_
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acrylic plastic, while the downstream topography was molded of concrete
between sheetmetal templates to conform to field surveys and design
plans. The tailwater was controlled by a hinged tailgate and meaéurqd
at gage 14A, 865 feet downstream from the powerhouse coanstruction base-—

line.
Tests.

48. Spillwey flows of 5,175, 10,060, and 15,000 cfs per bay--
which correspond to river'diséharges of 172,000, 212,000 5nd 251,000
cfs, respectively,--were observed with the existing (without deflec~
tors) spillway for comparison with conditions after the deflectors
were installed. The air-bubble pattern in the basin (plate 63 and
photograph 51) indicated that aerated water penetrated to the basin

floor and then was distributed throughout the basin and carried down-

stream. .

45. Three diffefent deflector lengths--10.0, 12.5, and 15.C
feet—vere tested with river discharges ranging from 85,000 to 85C,000
cfs. The deflectors (photograph 52 and plate 64) were tested at ele-
vations ranging between 426 und 438. With all plans tested, low dis-
charges produced a stable, skimming surface flow which prévented the
aerated spillway flow from being carried deep into thevbgsin; However,
as discharge increased, an unstable surging conditioh developed in ﬁhe

basin causing violent mixing of the aerated water.

50. Varying the deflector length from 15.0 to 12.5'feet had '
little effect on its abiliﬁy to produce skimming flow and reduce the
amount of air drawn to the basin floor. Photogrlphs 53 through 56 and
photogtaphs 57 through 59 show flow conditions in the stilling basin
with 15.0- and 12.5~- foot-long deflectors, respectively, for varzous
dlscharges and deflector locations. The extent of aeration was very
similar with the two deflector lengths; however, conditions with the
12.5-foot~ long deflector were slxghtly better at the htghet (lS oo

',cfs per bay) dxschatge. Both deflector lengths were ineffective with




riverflows of 420,000 and 850,000 cfs (photograph 60). The 10-foot-
‘long deflector was ineffective with discharges greater than 10,060 cfs
per say.asvit did not intercept the nappe at those conditions. The
limits ofvskimming, unstable, and plunging flow conditions with the
various deflector lengths and elevétions are shown on plate 65.
Deflector elevations below 434 created standing waves in the basin
which drew air into the flow. With the deflector at or Qbove eleva-
tion 438, the nappe lacked sufficieyt submergence and plunged near the

center of the basin causing air entrainment.

51. Based upon the‘tests'discussed, the lZ.S-foot-ldng deflector
at elevation 434 was selected as the optimum design to provide stable,
skimming flow for river discharges up to 251,000 cfs (15,000 cfs per
bay). Aeration zones and flow directions with the recouneﬁded design
are shown on plate 66. Pressure at four locations on the deflector
(plafe 67) were poéitive (table C). The highest pressures occurred in
the radius bucket of the deflector, while the lowest pressures gener-
ally existed on the downstream face of the deflector. The pressures
ranged €rom +2 (minimum measured) to +82 (maximum meahured).feet of

water.

52. 1In an attempt to increase the allowable discharge per Say to
produce stéble, skimming flow conditions in the stilling basin, vari-
ods aérangeqents of dentates.were located on the spfllway‘above the
12.5-foot~ long'deflector. The most satxsf:ctory arrangement--Plan H--
consisted of three horxzontal rows oE 1.8-foot-wide by 2.6-foot-high
dentates spaced 1.8 feet apart in each row (plate 67 and photogtlph
61). With the dentates, zones of seration and Elov directions 1n the
basin (plate 68 and photograph 62) were noticeably 1-ptoved over con~
ditions existing wzth only the deflector, Pressures on and near the
dentates were well within the cavitation range (tuble D). Minimum-
pressures of =30 and -32 feet of witer were measured at piezometer D-2
(plate 67) Qith-diqch;rgeb of’212,000 and 251,000 cfs, respectively,
~and -18 feet of water (piezometer D-6)’wirh a discharge of 420,000 cfs.




53. The recommended 12.5-foot deflector and the Plan H dentates
were installed in bay 2 of the prototype structure and subjected to
one season of operation. Extensive cavitatioﬁ damage on the spillway .
around the dentates resulted (photograph 63), and the decision was
made to remove the dentates and install the remaining deflectors with-
out dentates. At that time the 15-foot radius on the upstream edge of

the deflector was also el{minated.

S4. Once the detailed design of the deflectors was verified by

‘the studies in the sectional model, the l:50-scale model was used to

determine the total number of deflectors to be installed'and to evalu-
ate flow conditions near the fishway entrances. Tests were accom~

plished with river .discharges of 100,000, 200,000, and 420,000 cfs

with either three or six units operating for the following conditions:

existing spillway, deflectors in spillway bays 2 thfough 7, deflectors

_in spillway bays 1 through 8, and deflectors in spﬁllway bays 2 and 4

through 7.

55. Flow conaitions with the ékisting spillway and river
discharges of 100,000, 200,000 and 420, 060 cfs are shown on plates 69
through 76 and photographs 64 through 66. With discharges of 100,000
and 200,000 cfs, high velocities existed near the bottom of the basxn
over the end sili with relatively uniform (top to bottom) velocxtxgs
farther downsiream of the basin., Fish-attraction conditions at the
south fishway entrance (left end of spillway) were very good. A small

eddy formed behind and under the fish laddér but did not disrupt thé

. entrance flow pattern. The flow patterns near the powerhouse unit 6

fishway entrance 'were not . as well defined and were less effectxve for

fish passage, With units 1 through 3 operating, a large eddy formed

near the entrance; while with all six units operating upwelling caused i

_upstream flow near the entrance., Both conditions interfered with flow

from the fishway entrance.




Deflectors in Bays 2 Through 7

- 56. Flow conditions with a river discﬁargé of 100,000 cfs are’
shown on plates 77 and 78 and pﬁotograph 67. . Stable, skimming flow
existed in the stilling basin with high downstream surface velocities
and low upstream velocities over the end sill at mid-depth and 'along
the bottom. The plunging flow in bays 1 and 8 produced upstream sur-
face flow along each training wall. Velocities and flow intensity
increased with‘a riverflow of 200,000 cfs (photograph 68). The greater
spills—-132,050 cfs with three units operating (plate 79) and 63,050
cfs with six unfts operating (plate 81)--produced larger areas of
upwelling beldw bays 1 and 8 with.upstteam flow over much of the stil-
ling basin floor. Flow conditions in and just downstream from the
stilling basin were satisfactory with stable, skimming flow from bays
2 through 7. ‘

57. Attraction conditions at the fishway entrances were accept-
able at all flows. The upwelling along each training wall created
flow conditions at the end of each training wall which would allow
fish to swim into the stilling basin at bays 1 and 8.(p1aées 80 and

 82). An eddy along the navigation lock wsll created upstream flow
near the south.fishway entrance, but a good path of downstream flow
existed bétqeén the eddy andbthe_spillway flow. Flow conditions at
the entrance near unit 6 were less favorable as current tended to flow
acress the ehtranqe.with three units operating and flow was upstream

' towards the eatrance with six units operating.

58. Flow conditions with a fivcf discharge of 420,000 cfs (high-
est observed in the model) are shown on plates 83 and 84 gn@ photo=~
graph 69. The same‘flqw pa:terna'hs those existing at the lower -
discha}ges prevqiled‘éith the increased upili. Maximum velocities of
24 fps existed in the channel déwnstream from the end sill, A spill
per bay of 43,790 cfs (with units 1 thtough'3 opera;iﬁg) caused deep
plunging flow along the full length of the basin. With six units




operating, the spill was reduced to 35,140 cfs per bay which produced
skimming flow near the center of the spillway and wide areas of plung-

ing flow at each end of the spillway.

Deflectors in Bays 1 Through 8

59. Flow conditions with deflectors in all eight spillway bays
are shown on plates 85 through 90 and photographs 70 through 72.
Stable, skimming flow existed at discharges of 100,000 and 200,0b0
cfs. The eddy existing‘along the navigation lock wall was slightly
stronger than that existing without end bay deflectors due to the
higher velocities along the water surface. The fishway entrance near
unit 6 was subjected to conditions influenced primarily by powerhouse
flow and did not change with the addition of deflectors in the end
bays. Although a better high-velocity fish block existed near the
water surface at the end of the training walls, velocities adequate to

block fish did not exist at mid~depth or near the bottom of the wall,

60. With the maximum flow tested-=-420,000 cfs--the flow again
overrode the deflectors and produced the same type of plunging flow in
the stilling basin as that which occufred with the six-deflector plan.
Attraction flow from the soﬁth'fishwéy entrance was confined closer to
the wall of the navigation lock wall but was adequate for migrating
fish, '

.Deflectors in Bays 2 and 4 Through 7

61. This.éoﬂfiguration.was‘Cested tolevalu;tc its adequﬁcy in
the event that construction time would not Be long m=nough to complete
installation of the deflectors in bays 2 through 7 of the prototype
prior to the spring runoff. Brief studies indicated that poor attrac-
:ion conditions exiséed with uﬁifonn spillway operation and this con-~

figuration. Adjusting the‘spillwéy gates to provide greater than




normal flow in the end bays improved attraction conditions but caused

upstream and/or plunging flow below bay 3; this operating condition

was not considered to be satisfactory.
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Photograph 51. Flow conditions in existing stilling basin.
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River flow 172,000 cfs (5,175 cfs per bay),

tallwater

River flow 212,000

vaer flow 251,000 cfs (15,000 cfs per bay),

Photograph 53.

tailwater

tallwater

elevatlon 445.1.

cfs (10,060 cfs per bay),

elevation 447.2.

elevatlon 449.0,

Lower Monumental Dam

Flow conditions in stilling basin thh‘
15-foot deflectors at elevation 43¢€.0.
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River flow 172,000 cfs (5, 175 cfs per bay),
tallwater elevation 445.1.

River flow 212,000 cfs (10,060 cfs per bay),
tallwater elevatlon 447.2.

River flow 251,000 cfs (15,000 cfs per bay),
tailwater elevation 449.0.

Photograph 54, Flow conditions in stilling basin with
- LS foot deflectors at elevatlon 434.0.




River flow 172,000 cfs (5, 175 cfs per bay),
tallwater eleyatlon 445.1. :

River flow 212 000 cfs (10, 060 cfs per bay),
tailwater elevgtlon 447.2.

River flow 251,000 cfs (15,000 cfs per bay),,
taxlwater elevatlon 449 0.

Photograéh 55. Flow condztions in stillxng basxn thh

15 foot deflectors at elevatxon . 430.0.
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River flow 172,000 cfs (5, 175 cfs per bay),
‘ tailwater elevatlon 445.1.

River flow 212,000 cfs (10, 060 cfs per bay),
taxlwater elevatzon 447.2.

. River flow 251,000 cfs (15, 000 cfs per bay),
: tallwater elevatlon 449 0
me_ugnnm:nnl_nm

Photograph 56. Flow conditions in stxllzng basin with-
: 15-foot deflectors at elevatxon 426 0.
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" River flow 172,000 cfs (5,175 cfs per bayj.,
‘tailwater elevation 445.1.

River flow 212,000 cfs (10,060 cfs per bay),.
tailwater elevation 447.2. ,

River flow 251 000 cfs (15,000 <fs per bay),
tallwater elevation 449.0.

Fhotograph 57. Flow conditions in stilling basin.with'
- 12.5-foot deflectors at elevation 438.0.




River flow 172,000 cfs (5,175 cfs per bay),
tailwater elevation 445.1.

River flow 212,000 cfs (10, 060 cfs per bay) ,
taxlwater elevatxon 447.2.

River flow, 251,000 cfs. (15, 000 cfs per bay).
' taxlwater elevatlon 449. 0

‘Photograph 58. Flow conditions in. stilling basin
: 12.5-foot deflectors at elevation

with

434.0.




River flow 172,600 cfs (5,175 cfs per bay),
tailwater elevation 445.1.

River flow 212,000 cfs (10,060 cfs per bay),
tailwater elevation 447.2.

River flow 251,000 cfs (15 000 cfs per bay),
taxlwater elevatlon 449.0. :

Photograph 59. Flow conditions in stilling basin with
12.5-foot deflectors at elevation 432.0.




" Photograph 60.

River flow 420,000 cfs (36,590 cfs per bay),
ta11WaLer elevatlon 456.2. -

' River flow 850,000 cfs (106,250 cfs per bay),
tailwater elevation 465.1.

Flow conditicns in stilling basin with .
12.5-foot deflectors at elevation 434.0.




. Photograph 61. Plan H dentates and 12.5-foot deflector
. . at elevation 434.0. i
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tailwater

M
(

elevation 445.1.

River flow 212,000

tailwater:

cfs (10,060 cfs per bay),

elevation 447.2.

Rlver flow 251, 000
tallwater

cfs (15,000 cfs per ‘bay) ,

elevatlon 449.0.
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Flow condxtxons in st1111ng basin wlth plan H
dentates and 12.5- foot deflector at elevatlon
434.0.

Photograph 62.




Erosion of concrete below dentates in.
bay 2 of Lower Monumental»spillway.

Photograph 63.




Flow patterns without spillway deflectors;

‘river discharge 100,000 cfs; powerhouse

units 1 to 3 operating, uniform spillway
operation, spillway discharge 35,200 cfs.
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.Photograph 65. Floﬁ patterns withéut spillway defiectors: S
river discharge 200,000 cfs, unxform sp;llway e
operation. - . _ . l;
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Powerhouse units 1 to 3 operating,
spillway discharge 350,340 cfs. . .

Powerhouseé units 1 to 6 operating,
spillway discharge 281,130 cfs. B

Photograph 66. Flow patterns without spillway deflectors;

river discharge 420,000 cfs; uniform spillway
operation, -~ T -




Photograph 67.

Flow patterns with 12.5-foot deflectors in
spillway bays 2 to 7. Powerhouse units 1

'to 3 operating, river discharge 100,000 cfs,

spillway discharge 35,200 cfs, un*form
splllway operation. -
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i  Photograph 68. Flow patterns with 12.5-foot deflectors fin

V- : . spillway bays 2 to 7; river discharge "
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Photograph 69. Flow patterns with 12,.5-foot deflectors in

Powerhouse units 1 to 3.operatihg,
spillway discharge 350,340 cfs.
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Powerhouse units 1 to 6 operétinq,
spillway discharge 281,130 cfs.

spillway bays 2 to 7; river discharge
420,000 cfs; uniform spillway operation.
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Flow patterns with 12,.5-foot deflectors in
spillway bays 1 to 8. Powerhouse units 1
to 3 operating, river discharge 100,000
cfs, spillway discharge 35, 200 cfs, unifornm
spillway operation.




Powerhouse units 1 to 3 operating,
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spillway discharge 132,050 cfs.

Powerhouse units 1 to 6 operating,
spillway discharge 63,050 cfs.

~ Lower Monumental Dam
Flow patterng with 12.5-foot deflectors in

spillway bays 1 to 8; discharje 200,000 cfs;
uniform spillway operation,

Photograph 71.
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Powerhouse units 1 to 6 operating,’
spillway discharge 281,120 cfs.

Lower Monumental Dam

., Photograph 72. Flow pat;érns'with 12.5-foot defiectors in
' : © sgpillway bays 1 to 8; river discharge 420,000
cfs; uniform spillway operation.
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PART VII: LITTLE GOOSE DAM TESTS AND RESULTS

The Prototype

62. The Little Goose projeét inclﬁdes an eight-bay spillway, a
six-unit powerhouse, a navigation lock, and facilities for migratory
fish (;late 91). The ubillway is designed to pass‘850,000 cfs at a
ponl elevation 646.4 and is controlled by 50-foot-wide by 60-foot-high
Lainter gates. The spillway terminates in a dentated 50-foot-radius

roller bucket followed by a 20-foot-long, 20-degree sloping apron
(plate 92). '

The Models

63. A 1:42.47-scale model (photograph 73) simulating a three-bay
section of the approdch spillway, roller bucket, and exiﬁ channel was
used to develop the dpti-ﬁl design'of th: deflector. The spillway
crest, piers, and gates were constructed of acrylic plastic; the'rolier
bucket, dentates, and runout were made of waterproofed wood and ply-
wood; and the upstream and downstream riverbed vas of heavy planking.

The tailwater was controlled by a variable tailgate.

646. A 1:50-scale model (photograph 74) vas used to evaluate the
eifects of the recommended deflector on flow conditions and to estab-
lish spillway operation schedules for optimum fish passage. The model

structures were constructed of plastic, wi;erprooféd wvood, and plywood.
" The exit channel was contoured in crushed rock and drypack cement. to

conform with ‘a 1973 hydrographic survey. The tsilwater was controlled
by a hinged tailgate and was measured at a gage located 1,600 feet
downstresm from the crest axis. -
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Tests

Tete

65. Tests were accomplished in both models for conditions both
vith and without deflectors. River discharges between 160,000 and
850,000 cfs (4,700 and 106,250 cfs per bay) were tested in the sec-
tional model, and discharges between 100,000 and 506,400 cfs were
"tested in the comprehensive model. Without the deflectors, large vol-

PR = L USRI

umes of serated water were carried to the bottom of the bucket with
all discharges tested. Such conditions would create nitrogen super-

saturation in the water downstream of the project. Flow conditions

S CEN Y A .

wi thout the deflector are shown on plates 93 and 94 and photographs.75
through 77. Velocities measured just downstream of the bucket apron

are listed in table E.

Viam BB Nyt

66. Four different deflector lengths--8.0, 10.0, 12.5 aad 17.5
feet—were initially tested in the sectional model (plate 95). The
- two longer deflectors were unacceptable since flcw at high discharges

overshot the dentates and impacted directly on the unpaved tailwater

channel downstream of the roller bucket. The optimum deflector eleva-

tion was determined by varying the 10-fcot-long deflector between ele-

vations 528 and 532. The deflector located at elevation 532 produced
the grei;est range of stable, skimming flow—-the most desirable condi~
tion for pteventing.supersafdration (plate 96). The 8.0-foot-long
deflector was teﬁted-at elevation 532 and provided iorp stability at
the higher di;chatgel and vas therefore selected as the final de ign.
Flow éonditious with ‘the final-@esign deflector are shown on plaien 97:
~and 98 and photographs 78 through 80. Velocities at the end of the
'roller.bucigt runout are listed on table E. ' ‘
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 67. Data from the existing étructﬁres (without deflectors) were .

_ obtaiﬁed in the 1:50-scale comprehensive model for use as a basis of
‘¢onpnrison with later tests with deflectors installed. The purppse of.
Ehe tests was to detsrmine the effects of deflectors on flow conditions
for fish passage and to establish tpillvﬁy oﬁeration patterans for opti-
num fish ﬁnsoige conditions with the modified spillvay. Iniﬁinl tests

L 8
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were sade vith spillvay gate openings. (1-foot iacrements) as near to
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uniform for all eight bays as the total spill would allow. Later
tests were made with non-uniform spill to improve fish passage condi-
tions. Flow from the north shdre'fishway was carried into the spill-
way flow rather quickly with thé lower discharges; but as the spillway
flow increieed, the attraction flow was carried farther downstream.
The expanding spillway flow caused the eddy along the fill to become
tighter with higher velocities at the 420,000-cfs flow. Conditions
around the fishway entrance at unit 6 were'aatisfactbty at all flows.
The energy dissipation created with uniform spill was well distributed
across the spillway and provided good downstream flow conditions along
both banks.

oa plates 100 through 107 and in photographs 81 through 8..

Flow conditions existing without the deflectors are shown

Deflectors in Bays 1 Through 8 '

68. The 8-foot-long deflector developed in the sectional model
The

same series of discharges tested without the deflector were tested vith

was installed in all eight bays of the spillway at elevation 532.
the deflector installed in all eight bays. Uniform spillway. operation
was maintained for tests with all eight deflectors installed with the
exception of the 420,000 cfs discharge. With that flow, conditions
vere very poor at the north fishway until spillway flow through bays 7
and ‘8 was raduced. The size and intensity of the éddy along the north
shore fill was also‘dependent upon the quantity @f Spill from bays 7
Although further improvement in flow conditions could have
been made by non-uniform operation of spillway gates, uni form gate
operation was tested to provide a true comparison vith base data.
Under all conditions tested, attraction flow from the entrance near
unit 6 moved downstream approximately 100 feet before being drawn into
the spillway flow. Flow conditions are shoun on plates 108 thtough ‘

116 and in photographa 86 through 90.
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Deflectors in Bays 1 Through 7
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69. Flov conditions near the north fxshway entrance appeared to

)
s
. .
v
.
. '

be 1nproved if there was no deflector in bay 8. The same series of

;&;ﬁ discharges was tested with deflectors in bays 1 through 7 as ir the
iiif preQious tests., With flows of 212,000 cfs and below, the eddy along
iii . the nottﬁ shore fill vas generally larger with muck slower velocities
e upstream Along the bank than that which exizted with deflectors in all
;tﬁ;' ‘eight bays. The difference in flow conditions from those with the
Eif{ eight-deflectors was not cignificant at 420,000 cfs and above. Flow

from the nortk fishway entrance moved downstream a short distance

w
! . '.

,.béfore being drawn into the spillway flow with all conditions tested.

P

S&;g Uniform gate settings provided fair attraction conditions ayd quiet

gf:i water at the north entrance but could be further: improved with non-

s uniform spillway operation. Entrance conditions at the unit 6 entrance
5%73' -were good with units 1 through 3 operating; however, the attraction

N flow was crowded against the powerhouse side of the left training wall

vith six units operating.

Deflectors in Bays 2 Through 7

70. Tests in the model indicated acceptable {low conditions could
' aiso be obtained with deflectors in only the six interior ‘bays of the
" spillway. Concern over fish acceptance of flow conditions with deflec-

Eqrs_in end bays adjacent to fishway entrance. led to the'decision to

instali deflectors in only the six interior bays under the initial

contract and-observe fish conditions on this and similar dams for a

v
.

ol

yea? prior to installing additiqnalideflectorl.' Riverflows pertinent

[KY
1

to fish passage—-212,000 cfs and less—were tested with non-uniform

;ji spill to obtain optimum attraction conditions at both fishway: entran-
Sify ces. Generaz tlow conditions existing downstream from the upxllway
3?: are shown on Plates 117 through 121 and photographs 91 through 95.

;E;% 'Generally, hxgher than normal discharges vere_used in the end bays’ to
RS provide good approach conditions with strong downstream flow near the
i entrances on each end of the spillway. With the lower river discharges

j SuINALEWY |

AN
PP

SIPOEN Ul Vo

U

| WA

-~
FRs vt

o

et
PP

o~

. i s S N i NN

™

V%

*

OO |

7

4‘;‘

LIS
A,

CARA BB .
vy

9
PIRTIN N N AT P C O ,
("h* - 't R .,.J.‘," ‘e -.-.rn'-‘,\ '-' o N

»

Yol ‘.r':‘,;.i} c.} ’J' h'.o"-‘,-".:




« o e e e
. oty 4 *e%0 20" I.P
,'S.l_', ..‘.|.l.|":'.l ¥

»r -
. ,

RN

Pl
-t e

.

s e & - . PR
PR A AP - . e
PO A P I [N

v .M'A ",

. ’I"I.I.I .
LR

1@ N

.~ O T
SIS

.

~ e N
. .

j L_J o

the £iuw in the end bays. With the flow of 212,000 cfs, #nd with units

- of the fill on flcw conditions with deflectors installed on the spill-

 did not exist and a very slow flow moved across the entrancé}(plate 122

tested, additional flow was pacsed through bays 2 and 7 to reinforce

1 through 3 operating, discharge thrbugh bays 1 and 8 was reduced to:
maintain acreptable levels of turbulence and wave action near the

entrances. =rlow conditions at the unit 6 enﬁrance remained satisfac~
tory since cajacent flow patterns were affected more by.poverhouse

flow than by spillway conditions. .

North Shore Fill

?1. The north shore fill, a finger dike adjacent to thevndrth'
fishway entrance (photograph 56), was designed to improve flow coundi-
tions with the original spillway. The existing prototype fill has
pa:tially'eroded at the downstream end and will eventually reach sta-

bility. Tests were made in the model to determine the effectiveness

way. With the installation of eight deflectors, the fill became less
effective and caused an eddy to partially block flow £ran'the'fishway
entrance (photographs 97 through 99). With the fill removed, the eddy

and photographs 100 through 102).

72. Flow conditiona at the north fishway entrance were inproved -
slightly both with or without the fill by the sddition'of‘a tapéred
nose extension to the adjacent training wall. The tapered extensior
allowed fishway flow to enter the spillway flow across s 1-foot nose,
instead of the square end of the 14-foot-wide training wall. The tight
eddy and excessive drawdown tha: occurred with the broad nose of the
wall were elxnxnated but the large eddy renaxned in front of the.

entrance when the north shore £ill was in place (photographs 103 ant
104).
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Heads on Fishway System

73. A difference in water surfr:c at each entrance was required
for operation of the grav.cy-tlow fishway system. Water surfaces at
the north fishway entrance had to be lower than at umit 6 to provide
an operating head. With the existing sﬁillway and the north shore
fill, heads varied favorably from +0.1 to +0.6 foot with discharges up
to 212,000 cfs—the design discharge for fish passage (table F). When
all eight deflectors were installed, the increased surface velocities
changed the flow patterns and lowered the water surface elevations at
both entrances with resulting heads of 0.0 to +0.5 foot=—less than
existed originally but still satisfactory (table F). With the deflec-
tor removed frow bay 8, velocities and drawdown were less and the head
reversed to -0.4 foot at 212,000 cfs with units 1 through 3 operating.
Heads at lower flows ranged froﬁ 0.0 to +0.3 foot. With deflectors in
bays 2 through 7, further reduction of head was attained at a discharge

of 212,000 cfs with units ] through 3 operating by utilizing a non-

uniform spillway operation. With flow through bay 8 decreased to

improve attraction condi;ioho, th.. head dropped to -0.7 foot. At dis-
charges less than 212,000 cfs, flow through Say 8 was either equal to
or h'gher than flow through Ehe remaining bais and heads ranged from
+0.2 to +0.5 foot (table F). Removal of the north shore f£ill reduced
the velocities by allowing the spillway flow to expand, causing an
increase in wvater surface elevation and loss of head (*0;5 foot drop-
ped to ~0.4 foot ;t 212,000 cfs with pniéi 1 through 3 opcrating).'

Transmission Tower Pill .

74, A land £ill protrudes from the left bdank into the powerhouse

flow approximately 1,000 feet downstreem from the';tructureo (piate

. 91). The fill serves two purposes: divcrting flow avay from the nav-

igation loék’approuch and serving as a base for a tranmmission tower.
Plow conditions exioting-around’thc fill without deflectors installed
on the spillvay are shown on plite 123. The effect of deflactors om

flow conditions asround the fill is shown on plates 124 and 125. The
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direction and in;enaity_of flow and. area of impact on the fill did not
vary appraciably when deflectors were added. Flow cbndi;ious were

acceptable for upstream movement of fish with or without deflectors
installed on the spillway. -

Waves and Rideup

75. The high;vélocity surface flow p;odnceé.by the spillwvay
deflectors increased waves and rideup along the banks at the lower
flows. With 212,000 and 420,000 cfs and units 1 through 3 opersting,

waves and rideup were. reduced when deflectors were sdded. Table G

lists these con4itioh- at the transmission tower fill, the north shore

fill, the right ::dining vall, and along the face of the powerhouse
both with and without deflectors. Prototype conditions would vary
fral';he recorded data due to wind affect, bulking of air in the stil-

ling basin, and bank roughness.
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Table E .

LITTLE GOOSE DAM

VELOCITIES AT STATION 14+00

Existing Spillway and 8-Ft Deflector at Elevation 532 ]

River Spillway Tailwater Velocity,. fps :::'
Discharge Discharge Elevation Depth No 8-ft Deflector iy
cfs .cfs per bvay ' ‘Deflector ' elev 532 ;
172,000 4,700 542.4 T 4-5 3-4 .
M 2-4 3-4

B 1-2 U6-38 .

160,000 11,650 541.9 T 7-8 8 - 13 b
M 5-8 5-6 ~

B 2-3 v2-4 ‘

212,000 18,000 543.2 T 10 - 14 18 - 19 -
, - M 7-9 10 - 11 -

B 3I-4 U3-4 >

251,000 - 22,700 544.0 T 14 - 17. 16 - 18
] 8-10 9 - 11

3 '5-38 5-6 .

344,000 34,200 546.4 T 12 - 14 16 - 17 .
- M 14 - 15 12 - 15

B 13 - 14 10 - 12 N

420,000 43,750 548.5 T 12 - 15 14 - 17
M 16 - 19 13 - 15 -

’ B 18 - 23 13 - 18 »

680,000 85,000 1 555.5 T 13 - 14. 15 - 17 @
‘ . M 24 - 28 21-22 -

» B 37 - 42 33 -38 B

850,000 106,250 560.6 T 14 - 15 14 - 17 )
o - M 29 - 33 26 - 31 -
B 48 ~ SO 45 - 50 =

NOTES: 1. Pl';wvis downstream, except as noted U. .
. 2. Data taken on center line of bays; average of J bays. o
3. Velocities at 5-ft depth T, 0.5-depth M, and 5 ft above .

' bottom B.. ‘ : e
TABLE E 3 o
o e e e o e e 6 e ] g




Table P _ 5

LITTLE GOOSE DAM .

WAVES AND RIDEUP

River Puhs Waves in feet (or elev) Rideup in ft
Discharge | Units | Deflectors | North [ Right . Trans | North | Trans -
in CFS Opr in Bays Shore | Training | tnit | Unit | Tower | Shore | Tower ‘
Fill Wall 3 1 | Pi11 | Fi11 | Fill .

100,000 | 1-3 | 1wo8 | 1 |s39-s42 | 1| 1| 05| 4 3
l1to? 1 539-541 0.5} 0.5 0.5 4 3

.. 0 0.5 | 539-541 | 0.5] 0.5| 0.5 2 "1 '.

160,000 | 1-3 | 1to 8 4 |538-544 | 1] 1| 1 8 | s s
: to 7 3 540-543 1.5 1 1 6 ) -
160,000 | 1-6 1to8 ‘1 | 540-543 | 0.5 O 0 6 1 o
1 to?7 0.5 | 541-543 0 (1] 0.5 2 2 "

212,000 | 1-3 1to8 5.5 | 538-5%7 | 1.5] 1.5| 1 15 8 ®
1to? 2.5 |539-546 | 1.5 1 12 7 =

0 5 543-553*% 2 1.5 2 20 10 N

212,000 1-6 1l to 8 2.5 | 540-548 0 0.5 1l 10 5. :j
1l to? 1.5 | 541-546 0.51 0.5 1 8. 5 -

. 0 1.5 | 543-545 0.5{ 0.5] 0.5 ]|. 6 4 -.
420,000 | 1-3 | 1to 8 6 |545-553%| 2| 2| 22| 20 | 14 -
: lto?7 4 545-553* 2 1.5 2% 17 15% .

_ 0 10* | 5.,5-553*» 3 3 3* 30* 16* -:::
420,000 | 1-6 l1to8 7* | 545-553*| 2.5| 2 3* | 19% | 13* o
1to? r 5.5% | 546-551 3 3 2.5%| 18=* a4 ®

. 0 6* | 550-553* 3 2.5] 2.5%) 20* 12* =
506,400 | © 0 1to 8 10* | 554-553*| 7.5| 4.5| 3 —* -* s
"1 to 7 7% | 544-553*| S5 | 2.5 4 14* | S* =

0 7* | 545-553* 4 3 3 25* -% :~_:

% Indicates overtopping of (wall or fill. » ’_

" NOTES: 1. No 16ng term wave (surge) was observed along poéerhouse '_:::

or at transmission tower fill. " o

2. Vaves and rideup measured from lowest trough to highest f:\-}'

E peak. ' : R
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Photograph 74.

Existing spiliway and powerhouse with
tailbay erosion of Aug 1973 in 1 50-scale
comprehensive model.
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River flow 172,000 cfs (4,700 cfs per bay),
tailwater elevation 542.4. } :
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River flow 160,000 cfs (11,650 cfs per bay),
tailwater elevation 541.9.
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River flow 212,000 cfs' (18,000 cfs per bay),
tailwater elevation 543.2. '
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Photograph 75. Flow conditions with éxisting spillway' R
_ . and roller bucket (no deflector). 3
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Discharge 22,700 ofs per bay. PRiver flow 251,000 cfs.:
Tailwater elevation 544.0.

———— - . [

Dischatge 34,200 cfs per bay. .River flow-344,000 cfs.
' ‘ Tailwater elevation 546.4. '

'

Little Goose Dam
‘Phoiogzéph‘fs; Flow conditicns with existing'spiilway
and roller bucket (no deflector).
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Discharge 43,750 cfs per bay. River flow 420,000 cfs.
Tailwater elevation 548.5.

Discharge 106,250 cfs per bay. River flow 850,000 cfs.
- Tailwater elevation 560.6. ° _ :

Little Goose Dam

' Photograph 77. Flow conditions with existing spillway’ .
and roller bucket (no deflector). j
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Discharge 4,700 cfs per bay. River flow 172,000 cfs.
. Tailwater elevation 542.4.

‘

stcharge 11, 650 cfs per bay. River flow 160,000 cfs.
Tallwater elevation 541.9.

' D1schérge 18,000 cfs per bay. River flow 212,000 cfs.
: Tallwater elevatlon 543 2.

Photograbh 78. Flow conditions with 8-foot 'deflector at
elevation 532 (final design).

Lagh an asn amd 2 4




Discharge 22,700 cfs per bay. River flow 251 000 cfs.
Tailwater elevation 544 0.

Discharge 34,200 cfs per bay. River flow 344,000 cfs.
: Tailwater elevation 546.4.

A-'

Diécharge 43 750 cfs per bay. Rlver flow 420 ,000 cfs.
' Tallwater elevatlon 548.5.

- photograph 79. Flow conditions with 8-foot deflectbr‘at
' elevation 532 (final design).
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Discharge 85,000 cfs per bay. River flow 680,000 cfs.
Tailwater elevation £53.5.

)
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Discharge 106,250 cfs per bay. River flow 850,00ﬁ cfs.
Tailwater elevation 560.6.

- Little Goose Dan ' g

Fhotograph 80} Flow conditions with 8-foot deflector at
elevation 532 (final design). '




Photograph 81. Flow conditions without deflectors. River |
discharge 212,000 cfs; powerhouse units 1
to 3 operating. - . _ :
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Flow conditions without deflectors. River
discharge 212,009 cfs, powerhouse units 1
to 6 operating. ,




S Photograph 83. 'Flow conditions without deflectors. Spillway -
, L : discharge 420,000 cfs; powerhouse units 1 to
. ¢ . : - 3 operating. . : : o
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Photogzaph,BA. Flow conditions without deflectors. River

' - .discharge 420,000 cfs; powe:house unitl
. l to 6 opetating.
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Photograph 85. - Plow conditions without deflectors.
. River discharge 506,400 cfs; powerhouse
not operating. : .
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- Photograph 86.

Plow conditions with deflectors in ipilivay
bays 1 to 8., River discharge 212,000 cfs;
pove:hou;e units 1 to 3 operating.
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?hOtogiaph.87. Plow conditiona with deflectors in spillway A
: ' ' _ bays 1 to 8. River discharge 212,000 cts;
powerhouse units 1 to 6 opetating.
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Plow conditions with éeflecto:s in spillway
bays 1 to 8. River discharge 420,000 cfs;
- powerhouse units 1 to 3 operating.
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Flow conditions with deflectors in spillway
bays 1 to 8. River discharge 420,000 cfs;
powerhouse pnits 1l to 6 operating.
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Photograph 90. Flow conditions with deflectors in spillvay
o " - bays 1 to 8. . River discharge 506,400 cfs;
powerhouse not operating. : :
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Flow conditjons with deflec
bays 2 to 7. River dischar
powerhouse units 1 to 3 ope

tors in spillway
ge '100,000 cfs;
rating.
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Photograph 92. Flow conditions with deflectors in spillway’
' bays 2 to 7. River discharge 160,000 cfs;
powerhouse units 1 to 3 operating.
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Photograph 93. Flow conditions with deflectors in spillway
: bays 2.to 7. River discharge 160,000 cfs;
- powerhouse units 1 to 6 operating.
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Photograph

94.
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Flow conditions with deflectors in spillway
bays 2 to 7. River discharge 212,000 cfs;
powerhouse units 1 to 3 operating. b
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Photograph 96. Dry bed.

'Flow conditions with deflectors in'bays'
1l to 8. River discharge 100,000 cfs;
powerhouse units 1 to 3 operating. '
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Photograph 99. Powerhouse units 1 to 6 operating.

Fiowvconditidhs with deflectors in bays 1 to 8 and

finger dike fill near north fishway entrance in
' : River discharge 160,000 cfs. :

_p;ace.
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Photograph 100.

Little Goose Dam
Plow conditiona with deflectors in spillvay
‘bays 1:-to 8 and finger dike £ill near north
fishway entrance removed. River dischatqe

100,000 cfs) povezhcuno units 1 to 3
operatinq. '
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Photogtaph'101.* Powerhouse units 1 to 3 operating. ‘

Photograph 102. Powerhouse units 1 tb 6 operating.
. - ;
Plow conditions with deflectors in spillway bays 1 to 8 and

"~ finger dike f£ill near north fishway entrance removed.
- River discha:ge 160,000 cta.
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Pﬁotograph 104. Deflectors in lﬁillway~baysv1 to 7.
Plow conditionl with fihgc: dike £i11 near north fishway

entrance in place and 15-foot tapered nose on right training wall.
Powerhouse units 1 to 3 operating; river discharge 212,000 cfs.
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VIII: SUMMARY

76. Hydrauiic'model studies were conducted tc develop the design
of the flow deflectors for installation at seven prcjects located on
the Columbia and Snake Rivers. Tests accomplished for six of those
projects are presented in this report. - Development of deflectors for
the seventh project, Lower Granite Dam on the Snake River, are reported
in Technical Report 121-1, Lower Granite Dam, Snake River, Washington,
Hydraulic Model Investigation dated August 1984. The deflectors were
investigated as a method to remedy the nitrogen supersaturation prob-
lem resulting from highly aerated spillway discharges plunging deep
into a stilling basin or roller bucket. With the exception of John

Day Dam, separate sectional spillway and comprehensive models were

~used for each project. The larger scale sectional models were used to

deveiop the design details of the deflectors, while the smaller scale
comprehensive models were used to determine the effects of the deflec-
tors on flow conditions downstream of the spillway and to establish

spiilway operation schedules for optimum fish-passage conditions.

- Bonneville Dam

77. Model tests indicated that a 12-foot-long &eflector,located
at elevation 14 on all 18 spillway bays would be the optimum design.
with,this‘désign, stable, skimming stilling-basin.flow conditions
existed with river discharges as low as 325,000 cfs (11,500 cfs per

bdy). Adequate attraction conditions at the fishway“encrance could be .

‘attained by adjuétipg spillway gate operations. The deflectors were

ultimaﬁely'ins:alled on 12 of the 18 spillway bays in the prdtotype
(bays 4 through 15). ’ -

John Day Dem

78. The412.5-fooc-{ong deflector- located at eleva .on 149 pro-
vided the best overall results based on flow stabiliﬁy, quantity and
depth of air pénetratibn in the stilling basin, and energy dissipa-

tion,  With the tailwater created by The Dalles project at reservoir

36




MR ]

: Y 3 ol 8 W Pl 3N SN
S EAMES I AR S L

P SRS AR RN * Vol L PRIRY gt

- \
o2
3
~ elevation 160, skimming flow occurred with spillway discharges up to .':
2 16',000 cfs per bay when at least five power units were operating.
With all 16 power units operating, skimming flow existed in the basin St
. Cwith virtually all spillway discharges. The deflectors were not .‘
- installed in the prototype.
McNary Dam ;»-

79. The studies indicated that 12.5-foot-long deflectors located ::_"f

at elevation 256 in bays 3 through 20 was the optimum configuration

for spill patterns that created good flow conditions at the fishway ;-'1-

entrances. Although reduction in nitrogen supersaturation would be A

best with deflectors in all 22 bays, those in the 4 end bays would -
have very limited value. That is, the deflectors in the four end bays

would only be of value if spiil were great -..iough to creste plunging N

flow for river discharges equ@l to or greater than 450,000 cfs (S5-year '

flood). With these conditions, 40 to 33 percent of the total spill
" would not utilize the deflectors to reduce nitrogen supersaturatioa. ;?::-::
" With 18 deflectors, flow through split gates in the 4 end bays could
. be as little as 24 percent of the total spill. '-f"
: ' k2%
80. Two combinations of spillwey settings were developed to . :_‘:-f.

create good conditions for fish attraction. It is recognized that ve

other combinations of powerhouse and spillway flm, different tail-

water conditions, and different evaluations of factors that result in -:

‘good fish attraction would result in acceptable aétrqc'tion conditions '

with different spill patterns. The spill patterns developed tht'ough ;‘

the model studies will provide 'a basis for operation of the prototype Iy

spillvay. | '

81, Deflectors were installed in bays & through 19 of the 22-bay v

' prototype spillway. ' !
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Ice Harbor Dam

'82, The best overall reduction in depth and quantity of air pen-
etration in the stilling basin wau.obtained with a 12.5-foot-long
deflector located at elevation 336. The best fishway attraction flows
were obtained with deflectors located in bays 3 through 8. The model
indigated that ilow instability can be expected to occur with dis-

charges of spproximately 13,000 to 25,000 cfs per bay.

83. Slotted bulkheads in the spillvay bays were tested but did
not decrease aeration of the flow and were therefore not recommended.:
The addition of dentates to the deflectors lessened air penetration in
the stilling basi~ but were not recommended due to potential cavita-
tion damage and fish-nortalipy.

84. The deflectors were not installed in the prototype structure.

Lower Monumental Dam

85. The optimum design developed in the model was a 12.5-foot-
long deflector located at elevation 434. Fish-attraction conditions
were acceptable with deflectors located either in all eight bays or in
'bays 2 through 7 only.

86. Dentates located on the spillway above the deflectors
nnproved flow condltxona and zones of geration in the stilling bactu, ’
but pressures on and near the dentates were within the range of cavi-
tation. A deflector with dentates was installed in one bay of the
ytototybé and subjectedvto one season of operation. Extensive cavita-
tion danige resulted, and the.decisiouvvdo made to install the remain-

ing deflectors without dentates in bays 2 through 7 of the prototype.
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Li-'le Goose Dam

87. The.optimun‘design develépéd in the model was an 8-foot-long
deflector located at elevation 532. The deflecfo:s vere installed in
bays 2 through 7 of the prototype. Nouruniforﬁ spillvay operation
developed in cooperation with members of the Colvmbia River Fisheries
Technical Advisory Committee and tested in the model improved the

observed fish passage conditions.
Prototype Performance

88. Upot completion of instillaﬁion of the deflectors on the
prototype structures, a monitoring program was initiated to measure the
nitrogen levels downstream from the i@ruﬁtureo during spill periods.

In general, the deflectors have resulted in lowering of the n{trogeu

levels during average water years from the 130-140 percent range

: e;perienéed prior to installation to i.ran;e of about 115-120 percent.

During high water years the reduction is generally from the approxi-
mate range of 14G-150 percent to about 120-125 percent. ﬁore specific
data on the actual nitrogen levels may be obtained from the NPD Water
Quality Section, telephone (503) 221-3764. B
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